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sprayed on a cool surface. The 
material (E.G. Mo« Ni w has an 
Increased number of catatytically 
active aites. Usually, the composition 
includes at least initially a component 
(e.g. Al or Zn) which is removed by 
leaching or vaporization to leave a 
rough surface whh a large surface to 
volume ratio. Thus the composition of 
the material before leaching may be, 
for example. Mo^Ni^B^AJ,^ V m , 
Ni^ljo or Ti^Ni^Aljp. The resulting 
composition is sometimes annealed to 
relax or modify the local structure 
thereof to provide a more reactive 
structural configuration. The 
electrodes of the invention are highly 
conductive, rusistant to cwrr-j;icn ar..i 
degradation under current reversal 
and have low overvoltege 
characteristics when used in 
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SPECIFICATION mmm u . ^ 

Catalytic Bodies and Methods of Making the 
Same 



This invention relates generally to catalytic 
5 bodies, and has an especially important use in 70 
ulectrodes for electrochemical processes, water 
electrolysis and fuel cells, and catalysts for 
chemical processes. These electrodes possess a 
greatly enhanced catalytically active surface with 
10 the number and type of catalytic sites desired 75 
due to the unique electronic and compositional 
states and structural configurations attainable 
with the amorphous materials fabricated through 
the process aspects of this invention. The 
1 5 electrodes or bodies of this invention may be BO 
formed of. or coated with, the catalytically active 
material of the invention. These amorphous 
electrode materials can be provided with a high 
■urface to volume ratio, which further enhances 
20 electro-catalytic activity. 85 
Some of the problems of the prior art 
electrodes are overvoltage and stability. 
Overvoltage is a source of resistance to current 
passage at the surface u. ihe catalytic body. 
25 Among other factors, overvoltage is also affected 90 
by the composition, the structural configuration 
and the nature of the surface of the catalytic body. 
For each application there is a characteristic 
overvoltage determined by a combination of the 
30 above properties plus the discharging ion. 85 
electrolyte, current density, etc 

The overvoltage is also related to the number 
and nature of the active sites on the catalytic 
body which in large part determine the saturation 
35 current density of the reaction. An insufficient 100 
number of the desired type of sites restricts the 
rate of t:.e desired reaction and hence the 
formation rate of the desired products. 

As one application example, in the chloralkeli 
40 electrochemical cell process a sodium chloride 1 05 
solution, is electrolyzed to give chlorine gas at the 
anode and hydrogen gas and a solution of 
sodium hydroxide at the cathode. Conventional 
cathodes, such as steel and the like, in such cells 
45 exhibitan overvoltage for hydrogen of 110 
approximately 300—500 mv at a current density 
of 2 KA/M». This overvoltage loss results in 
decreased efficiency in the generation of the 
products and high power consumption. Oue to the 
50 present energy crisis, the evolved hydrogen Is 115 
becoming of significant commercial importance 
as a fuel, while previously it was usually vented to 
the atmosphere. ,«v«# 
Using conventional electrodes, about 10% of 
55 the electrical energy used in the cells is consumed 120 
by cathode overvoltage. Hence, even a amall 
reduction in the overvoltage will result in a 
meaningful energy savings. Similarovervohegc 
losses are present in alt electrochemical 
60 processes, and similar savings are possible using 125 

the electrodes of the present invention. . 

The second problem encountered in the poor 
art was that of electrode instabaity. Many of tha 
materials used are degraded by the action of tha 



environment to which they are subjected: still 
others are sensitive to atmospheric oxygen, and 
thus must be nandled with great care to prevent 
degradation. Another instability problem is 
present when a reverse current pulse is applied to 
the electrode. The reverse current pulse causes 
reverse polarization of the electrode body, which 
in turn causes a significant decrease in the 
reaction efficiency. Such current reversals are not 
uncommon in industrial application caused by 
leakage currents during startups, shutdowns and 
power failure. Therefore, the ability to withstand 
such polarization reversals is quite important. 

Considerable effort has been directed toward 
overcoming the problems of overvoltage ar'J 
stability. The problems of some applications can 
be partially overcome by utilizing electrodes made 
of or coated with compositions of noble metals 
such as platinum, palladium, ruthenium and the 
like. While these materials may improve 
overvoltage values, they suffer from problems of 
very high cost and scarcity of materials and 
difficulty in manufacturing procedures. Also, some 
of these aforementioned electrode materials are 
quite susceptible to degradation of performance 
by atmospheric contamination, or "poisoning" by 
certain components of the reaction mixture. In 
spite of these problems they have found some 
utility since they were heretofore the only 
materials suitable for certain applications fo' 
example as electrodes for high temperature fuel 
cells 

Prior to the present invention, attempts to 
eliminate the use of noble metals have not proven 
wholly successful. For example, electrodes made 
of steel and the like, have been coated by 
electroplating the same with various materials 



electroplating me samo mi" tb..ww» 

providing crystalline coatings thereon. While such 
electrodes provided somewhat reduced hydrogen 
overvoltages when operated in a chlor-alkali cell, 
they were subject to corrosion and degradation 
when reverse polarized. U.S. patents Nos. 
4 033.837 and 4.105.531 disclose electroplating 
an alloy of nickel 180—20%). molybdenum (10— 
20%) and vanadium (02—1.5%) on a conductive 
electrode to provide a material for use as a chlor- 
alkali cathode. This material had a somewhat 
lower overvoltage than uncoated steel, but 
suffered from degradation when subjected to 
reverse polarization. 

U.S. Patent No. 4.080.278 discloses 
electrodes coated with a compound of the general 
formula A,B,0, where A is an alkali or ••nthanide 
metal. B is chosen from the group: Ti. W. Mo. Mn. 
Co. V. Nb. Ta: 0 is oxygen. The compound is 
mixed with a binder metal and coated on an 
electrode base by techniques that include plasma 
and flame spraying of powdered material, vacuum 
evaporation, sputtering, and explosive bonding. In 
some cases, the techniques of tha 
aforementioned patent may result in amorphous 
coatings, however K is not an object of the 
invention to prepare amorphous coatings, and. in 
fact It appears to be the intention of the inventus 
to return tha amorphous coating to a crystalline 
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condilion. since the latter patent refers to heating 
the amorphous films to return them to their 
crystalline state. Furthermore, no desirable 
properties or examples of the article thus formed 
5 are ascribed to amorphicity or vacuum deposition. 
Other approaches involve materials of the 
"Raney" metal type, wherein deposition of a 
multi-component mixture, followed by the 
selective removal of one of the components yields 

10 • high surface area material, with improved 

electro-catalytic properties. One such process Is 
disclosed in U.S. Patent No. 4.1 1 6.804. The 
process disclosed involves plating and flame 
spraying layers of nickel and aluminum 

1 5 respectively on an electrode substrate, followed 
by a step of heating the layers to cause 
interdiff usion of the metals. The interdiffused 
aluminum is then leached to give a high surface to 
volume area nickel coating. While the electrodes 

20 of this invention exhibit somewhat lowered 
overvohages for electrochemical reactions, the 
process is quite energy intensive, and the article 
thus produced is quite susceptible to 
environmental degradation and consequently 

25 must be protected from contact with air. 

Still another process is disclosed in U.S. Patent 
No. 3,926.844. This process involves the 
deposition of amorphous borides of nickel, cobalt 
or iron by the reduction of their salts in an 

30 aqueous bath. While the materials thus prepared 
•re amorphous, and do exhibit some 
electrocata lytic activity, the method is of limited 
utility. The range of compositions that can be 
prepared by this method is quite limited because 

35 of the compositional restrictions imposed by the 
process conditions involved. While low 
overvoltage is discussed, it does not appear that 
the overvoltage is in the range of the low 
overvoltage of the present invention and the only 

40 operating examples given are for a temperature of 
20°C which is well below general industry 
operating temperatures which are in the range of 
80— 90°C. 

While the above prior art patents discuss 

45 improvements over various electrodes including 
mild steel electrodes, mild steel electrodes neve 
high overvoltage but still remain the industry 
standard for the chlor-afkali industry and for 
hydrogen evolution in general. The prior art 

50 crystalline structures have crystalline planes end 
macrocrystalline bourvdanes and dislocations, 
each of which increase the cwrrosiveness of the 
structures since corrosive attacks on the structure 
ere initiated in such locations. Therefore, h 

55 appears that the prior art attempts to improve 
electrode performance over the mftd steel 
electrode have not been successful, since the 
prior art electrodes have not been accepted to any 
significant degree. 

60 The amorphous materials of this invention can 
be prepared in a wide range of axnpositione In 
desired structural configurations to a* to exhtoh 
the optimum catalytic activity for a given proc ea a 
condition. Catalytic activity is a selective 

65 interaction of the appropriate electronic 



configurations of the catalyst with the reacting 
Species, resulting in a state which serves to steer 
a reaction down a desired path. Catalysis is a 
surface phenomenon. The invention includes 
70 designing and forming amorphous material 
bodies which exhibit catalytic properties 
throughout the bulk of such bodies. In other 
words deviant electronic configurations, such as 
dangling bonds, microvoids. and other 
75 irregularities found in small numbers on the 
surface of crystalline materials, can be designed 
to occur in greater numbers throughout the bulk 
of the amorphous body each of which can be 
catalytic active sites. One method of increasing 
80 the number of active sites in an amorphous body 
is by leaching or evaporating a material dispersed 
throughout a multi-component amorphous body. 
Amorphous material bodies can be made to 
behave like an almost infinite surface when made 
85 in the manner of the present invention to be 
described. Thus, when atoms are removed from 
an amorphous material by leaching or 
vaporization, a variety of types of exposed surface 
sites result, a large number of which ere desired 
90 active types, unlike the similar treatment of 
crystalline materials when the exposed surface 
area is much less variable and thus less likely to 
produce the desirable, more catalytically active 
surface area sites. Removal of atoms during 
95 leaching or vaporization from the amorphous 
body not only leaves behind voids but creates 
active sites not obtainable by forming the body 
without the atoms which are then removed. 
Further, these sites can then be modified by 

1 00 adding other atoms near those sites which will 
then form different types of catalytic bodies. 

In accordance with a further feature of the 
invention, the amorphous catalytic material 
bodies of the invention are preferably treated by 

105 heating to a temperature which does not 

crystalline the materials but vhich allows for a 
structural relaxation and reconstruction of the 
amorphous body which also enhances catalytic 
activity and reduces overvoltage in electrode 

110 applications of the invention at high current 

densities. These conformational changes can also 
result in the creation of modified density of 
electronic states, the better utilization of other 
states and/or a shift in the Fermi energy, resulting 

115 further increases in catalytic activity. 

The amorphous coating of the electrodes of the 
invention are preferably deposited by vacuum 
deposition (i.e.. sputtering, vapor deposition, or 
plasma deposition) for ease and economy of 

120 preparation and also to enable the preparation of 
any desired compositional range of materials. In 
contrast, as previously mentioned, electroplating 
or electrodeless deposition methods are limited to 
the use of only certain materials and 

125 compositions Furthermore, h is possible to attain 
electronic states in amorphous materials which 
are unique, since the constraints of crystalline 
symmetry and stotehlometry are not present 
therein. Additionally, the amorphous state of ruch 

1 30 materials also tends to confer Increased corrosion 
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.esistance to a given body because of the absence 
of crystalline planes and micrccrystalline 
boundaries and dislocations, wh.ch are locations 
for the initiation of corrosive attack 
5 The character of an amorphous film depositee 
by electroplating or similar process i* 
substantially different from the unusual structure 
compositions of the amorphous catalytic bodies 
of the invention. Because of the inherent 
10 limitations in the technique, the catalytic activity 
of electroplated films cannot be readily optimizea 
or taiior made to meet specific reaction conditions 
which is so important for the various applications 
of the invention. In the present invention, the use 
1 5 of vacuum deposition, especially co-sputtering or 
spraying where the individual components 
making up the amorphous catalytic body involved 
•re most preferably separately directed onto a 
relatively low temperature substrate surface at 
20 individually variable rates, produces a «»le. 

substantially amorphous composition with almost 
any desired component ratio and with a wide 
variety of non-equilibrium structural 
configurations. Thus, an amorphous composition 
25 maoe in accordance with tne invention can be 
2 made more catalytic.lly active for the reaction 
involved. This is not readily POSS'blewith the pnor 
art processes for making catalytic bod.es. like the 
electroplating and other processes disclosed in 
30 U.S. Patent No 3.926.844. 

In the case of an electrode for an electro- 
chemical cell, the electrode of the invention may 
comprise a substrate, which may have a variety of 
configurations, and preferably made of . relatively 
35 inexpensive metal or non-metal material, and a 
35 Active coating of a substantially amorphous 
multicomponent composition. In the case of the 
substrate, while a variety of "on-metillic 
materials may be utilized, it is preferred that it be 
40 a conductive substrate such as steel, titanium, 
graphite, molybdenum, nickel, or copper. The 
substantially amorphous conductive coating 
comprises a multicomponent amorphous material 
alloy or composition of at least two different 
45 components, one of which may be a transition 
metal Examples of transition, non-noble metals 
which may be used ilud e vanadium, tit j g^- 
chromiunrcobal^^ 

.^lul^slen. trv, composite m ay also include 
50 two^TmoTS of the transition elements of this list 

SeSts other th^transhion elements maybe 
added to the composition such asjithkmjjprop- 
55 cartcrM^!^^ 



carbon nh .:, • arumii.iuuijinijRijaac.v_ 

-TheseaoVJitionai transition or other elements »r» 
for the purpose of maintaining the substantiarly 
amorphous character of the eatery* _body and to 
provide optimum reactive, rwrv-ecru*a>^m 
60 Structural configurations. The •*»^ r ** r - 
chancier and percentages of the components 
making up the conductive coating depends upon 
STp^tSlar .plication of the electrode or other 

catalytic body involved. f . 

65 m one preferred form of the invent**, as 



previously described, the substantially amorphous 
conductive coating initially includes teachable 
components, like aluminum, lithium or zinc, which 
are subsequently leached out to leave a film of 
70 high surface to volume area. Additionally, it re 
highly desirable for some applications, especially 
after leaching, that the amorphous conductive 
coating is annealed. The annealing operat'on can 
take place in an evacuated environment or under 
b ambient conditions. The preferred amorphous 
compositions of the invention described are 
particularly advantageous in that they can be 
conveniently annealed in an ambient 
environment. Some prior art materials require 
gO heating in an evacuated or an inert environment, 
which is less desirable. As previously explained, 
instead of leaching out one of the additional 
components referred to. these components also 
can be removed by methods other than leaching, 
oc such as vaporizing the same, where the vaporizing 
condition will not degrade the amorphous mixture 
involved. Also, after removing a component by 
leaching or vaporizing, a different component can 
be added to the body which will react with the 
90 exposed sites to give unusual structural 
configurations not otherwise ob jsinable. 

The present invention is also applicable to 
electrodes and other catalytic bodies where the 
entire body comprises the catalytically active 

95 "^Accordingly, a first object of the invention is to 
provide a catalytic body including a composition 
having at least two components, the relative 
amounts of said components being sufficient to 
100 maintain said catalytic composition in a 

substantially amorphous state, said composition 
having a local order non-«qu!librium structural 
configuration resulting in a number of at least one 
desired type of catalytically active site 
105 interspersed throughout the composition. 

A second object of the invention is to provide a 
process of making a catalytic body to be used in a 
given reaction, said process compnsing the steps 
of directing at least two components, one of 
110 which is a metal against a surface at a 

temperature and in a manner and amounts to 
produce a stable substantially amorphous 
composition of said at least two components and 
having a local order non-equilibrium structural 
1 1 5 configuration resulting m at least one desired type 
of catalytically active site Interspersed throughout 
the body, which sites are catalytically active for 
said reaction. 

A third object of the Invention is to provide a 
120 catarytic body for use as an electrode In an 
electrochemical cell, said electrode having an 
electrically conductive substantially amorphout 
outer coating having at least two components, 
the relative amounts of said components being 
125 sufficient to maintain said electrode composition 
in a aubstantlally amorphous state. Mid 
composition having a local order non-equilibrium 
structual configuration resulting In a number of at 
Hast one desired type of catalytically active site 
130 Interspersed throughout the electrode. 
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The preferred embodiment of this invention 
will now be described by way of example, with 
reference To the drawings accompanying this 
specification in which: 
5 Figure 1 illustrates a typical current voltage 
curve of a conventional sandblasted mild steel 
hydrogen electrode compared with various 
catalytic body embodiments of the invention. 
Figure 2 illustrates a typical current voltage 
10 curve for a sandblasted nickel electrode for 
oxygen evolution compared with one catalytic 
body embodiment of the invention. 

Figure 3 is a table illustrating the over-voltage 
characteristics and Tafel slopes for the various 
1 5 catalytic body embodiments indicated therein. 

In the form of the invention having its greatest 
utility in forming catalytic bodies for electro- 
chemical applications, the most highly 
catalytically active body is obtained by a multi- 
20 step process. As will be described in detail 

hereinafter, in the first step of the process, at least 
a two-element substantially amorphous alloy or 
composition is formed, preferably by vapor 
deposition techniques, upon a preferably 
25 sandblasted metal s^ustrate. A* previously 
indicated, the alloy or composition includes at 
least one metal and at least one. and preferably at 
least two other, metals or elements. For example, 
the amorphous structural composition for an 
30 electrode or electrode coating to be used in a 
typical electrolysis cell used to generate a gas. 
such as oxygen or hydrogen, may include nickel 
and another material, like molybdenum or 
titanium, to which is added a leachable material. 
35 like aluminum or zinc. The leachable or 
vaporizable material is then removed. The 
resulting body then can be heat treated, as by 
annealing, or a different material can be added to 
react with the sites from which the leachable or 
40 vaporizable material was removed. 

Referring to Figure 1 . the current density 
characteristics versus the overvoltage values for a 
conventional industry utilized mild steel electrode 
is illustrated by Curve No. 1 . As mentioned above. 
45 although the various prior art electrodes are 
claimed to be significantly improved over mild 
steel electrodes, the great majority of industry still 
utilizes mild steel electrodes for hydrogen 
evolution indicating that the prior art electrodes 
50 do not have sufficiently improved performance 
over the basic mild steel electrodes. The mild 
steel electrode illustrated in Figure 1 has been 
well cleaned by sandblasting to provide the best 
performance for it. ft still shows an effective 
55 saturation current density of about 2 KA/M 1 . 

Curve No. 2 illustrates the performance of an 
amorphous vacuum deposited electrode .Saving a 
composition of Mo^NJ^ The improvement in 
performance over the mid steel electrode is 
60 shown by the decrease in overvortege for the 
same current densities. Also, the saturation 
current density is increased indicating the 
increase in the number and desired type of 
cataryticaHy active arte*. 
•5 Curve No. 3 illustrates the performance of a 



leached amorphous vacuum deposited electrode 
having a deposited composition of Mo^, Ni^ Ai,,,. 
The further increase in the desired number of 
catalytically active sites is shown by the improved 
70 performance in the current voltage 

characteristics. The increase in the number of 
catalytic active sites in part results from the 
increase in the surface to volume ratio obtained 
by the removal of a substantial amount of 
75 aluminum from the electrode body. 

Curve No 4 illustrates the improvement of the 
current voltage characteristics obtained for 
hydrogen evolution at high current densities by 
annealing the electrode of Curve No. 3. Some 
BO industry applications and present hydrogen 

evolution applications typically operate at current 
densities between 1 5 and 3 KA/M'. This 
limitation is in part imposed by the effective 
current density saturation of the mild steel 
85 electrodes presently used. For increased 

production rates or for uses where a separator 
such as a diaphram. is attached to the electrode 
by heating to temperatures of about 350°C, prior 
electrodes other than steel typically degrade 
90 during the heat treatment. The electrode olCurv<> 
No. 4 which was heat treated at 350°C does not 
show any indication of current density saturation 
even at 10 KA/M* which is highly desirable for 
increased production rates. The increased rates 
95 allow a decrease in capital investment, because a 
fewer number of cells now can produce the same 
amount of product. 

Referring to Figure 2, the current density 
characteristics versus the overvoltage values for a 
100 clean and sandblasted nickel electrode for oxygen 
evolution is illustrated by Curve No. 1 . A 
significant decrease in the overvoltage value for 
current densities is obtained by an amorphous 
vacuum deposited oxygen electrode body having 
1 05 a deposited composition of Ti^Ni^AI,,,. The body 
was then leached and heat treated. c or example, 
at a current density of 1 KA/M*. the decrease in 
overvoltage from the nickel electrode is from 
about 255 mV to 110 mV. 
1 10 The Table of Figure 3 illustrates several specific 
examples of catalytic body compositions and 
treatments and their respective current voltage 
performance. Examples 1 through 10 of the Table 
are described with respect to hydrogen evolution 
1 1 5 and example 1 1 is described with respect to 
oxygen evolution. The measurement of the 
overvoltages shown in Figure 3 was made by 
using a glass cell having a membrane which 
separates the anode compartment from the 
120 cathode compartment. For the cathode, a known 
area of the co-sputtered cathode was used in 
contact with the electrolyte. The cathode and the 
•node were connected electrically using a 
controllable voltage source. A Luggin capillary in 
125 the cathode chamber was connected to a 

saturated calomel reference electrode which in 
turn was connected to the test electrode by a 
voltmeter. In order to determine the overvoltage 
of the cathode, a voltage was applied through the 
190 voltage source between the anode and the test 
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cathode such that current densities of up to 
10KA M 2 were obtained. The current density was 
not limited by saturation of the bodies, but by the 
test facility utilized. Overvoltage was calculated 
5 using the Tafel equation: 

,,=ii log I/* 

where r/=overvoltage (mV). /l=slope of the Tafel 
curve in mv/decade of current, l D =exchange 
current density, i.e.. current at zero overvoltage. 

10 ano l=measured current density. 

While the process conditions for depositing the 
amorphous compositions selected may vary 
widely, the following describes one exemplary 
deposition process. First, when the catalytic body 

15 is to include a substrate on which is coated the 
materials described, the substrate is preferably 
treated by sandblasting, which increases 
adhesion of the coating to the substrate. 
Sandblasting can be done with various grit sizes 

20 and with various pressure or with varying force. 
Next, the films or coating of the active material 
may be formed by co-sputtering in a conventional 
r f. sputtering system, sucn as one made by the 
Veeco Company. Here, a target is bonded to a 

25 plate made of one of the materials to be 

deposited. The other desired composition and 
leachant materials are secured to the target in 
desired amounts. Alternatively, separate targets 
made of or having the materials thereon may be 

30 used simultaneously. The substrates, which may 
be in the form of a metal mesh, expanded metal, 
sheet metal or wires are placed on a holder 
spaced from the target or targets by a distance 
determined by the deposition parameters. The 

35 desired composition and structure of the 
materials can be conveniently controlled by 
adjusting the deposition parameters. 

The sputtering machine is first evacuated to a 
vacuum pressure of about 1x10"* Torr to provide 

40 • background vacuum pressure. Argon is bled into 
the machine to provide an operating pressure of 
about 4 x 10"* Torr to 5 x 10 -1 Torr is determined 
by a reading on a Pirani vacuum gauge. The 
material surfaces of the substrate target or targets 

45 are then cleaned by pre-sputtering for a short 
period of time. Thereafter, the materials are co- 
sputtered onto the substrate or substrates for the 
time necessary to obtain the desired thickness, 
typically about 1000A 0 to 2 microns. The 

50 substrate temperatures during the sputtering 

operation are maintained low enough to assure an 
amorphous deposit. 

Following the deposition of the amorphous 
materials, the catalytic body then can be leached 

55 H desired for a particular application. Following 
removal of an element the active sites exposed by 
teaching or vaporizing may have other elements 
added or incorporated to form different structural 
configurations and orientations. These new 

60 structural configurations are not the same as 
those which would be obtained if the added 
elements initially were co-deposited. 

For certain applications, the removal of an 



element is followed by heat treatment, such as 

65 annealing The heat treatment may he done in any 
desired environment to selectively obtain the 
desired type of catalyticatly active sites. 

Alternatively, the catalytic amorphous bodies 
can be formed by spraying a separate stream of 

70 each material at controlled rates to combine on a 
cool surface in the desired configuration. The bulk 
material thus formed can be removed from the 
surface and leached, vaporized and/or heat 
treated as above described. 

75 The catalytic body compositions and structure 
of the invention may be used as electrodes for the 
manufacture of H,, CI,. NaOH. oxygen and 
chlorates, etc., or as electrodes in fuel cells or for 
other purposes where mechanically stable. 

60 corrosion resistant, and/or high conductivity 
catalytic materials are desirable. The catalytic 
bodies are useable as catalysts in chemical 
processes other than as electrodes to obtain the 
advantages of the invention. 

65 Claims 

1. A catalytic body Including a composition 
having at least two components, the relative 
amounts of said components being sufficient to 
maintain said catalytic composition in a 

90 substantially amorphous state, said composition 
having a local order non-equilibrium structural 
configuration resulting in a number of at lees' one 
desired type of catalyticatly active site 
interspersed throughout the composition. 

95 2. The catalytic body according to claim 1 
wherein at least some of said catalyticatly active 
sites are the result of the selective removal of an 
initially randomly distributed component in said 
composition. 

100 3. The catalytic body according to claims 1 or 2 
wherein said body includes a substrate and said 
substantially amorphous composition is deposited 
on said substrate. 

4. The catalytic body according to anyone of 

105 claims 1 to 3 wherein said deposited composition 
is heat treated to relax and/or reconstruct the 
structural configuration of the originally deposited 
composition, to increase the catalytic activity 
thereof. 

110 5. The catalytic body according to anyone of 
claims 1 to 4 wherein said body is adaptable for 
use as an electrode for forming hydrogen and said 
substantially amorphous composition thereof is 
an annealed alloy including substantial 

115 percentages of each of at least two different 
metals. 

6. The catalytic body according to anyone of 
claims 1 to 4 wherein said substantially 
amorphous composition consists of a 

1 20 substan]ialfy amorphous alloy including 

substantial percentages of each of at least two 
different transition metals. 

7. The catalytic body according to anyone of 
claims 1 to 4 wherein said body is adaptable for 

126 use as an electrode In an electrochemical cell. 

6. The catalytic body according to anyone of 
daims 1 . 2. or 4 to 7 wherein said body includes a 



suhstrate and sa -1 substantially amorphous 
composition is a film thereof deposited on said 
substrate 

9. The catalytic body according 10 anyone of 
5 claims 1 to 5. 7 or 8 wherein at least one of said 

components is a transition metal. 

1 0. The catalytic body according to anyone of 
claims 3 to 9 wherein the substrate comprises at 
least one of the group consisting of steel, nickel. 

10 titanium, graphic molybdenum or copper. 

1 1 . The catalytic body according to anyone of 
claims 1 to 10 wherein the substantially 
amorphous composition is obtained by directing 
the components as separate streams toward a 

1 5 surface which is at a telatively cool temperature 
10 assure the formation of said amorphous non 
equilibrium structural configuration. 

12 The catalytic body according to anyone of 
claims 1 to 10 wherein the amorphous 

20 composition is a vacuum deposited composition. 
1 3. The catalytic body according to anyone of 
claims 1 to 1 2 wherein the substantially 
amorphous composition consists of at least 
carbon, nitrogen or oxygen. 

?.Z ^ 4. The cata'yt:^ L,or<v according to anyone of 
claims 1 to 1 3 wherein the substantially 
amorphous composition includes at least one of 
vanadium, ruthenium, platinum, palladium, 
aluminum or boron. 

30 1 5 The catalytic borly according to anyone of 
claims 1 to 1 4 wherein the amorphous 
composition consists of one or more of the group 
including titanium, vanadium, chromium, cobalt, 
nickel, niobium, molybdenum, tantalum, tungsten. 

35 rhenium, or boron. 

1 6. A catalytic body for use as an electrode in 
an electrochemical cell, said electrode having an 
electrically conductive substantially amorphous 
outer coating having at least two components. 

40 the relative amounts of said components being 
sufficient to maintain said electrode composition 
in a substantially amorphous state, said 
composition having a local order non-equilibrium 
structural configuration resulting in a number of 

45. ..at least one desired type of catalytically active site 
interspersed throughout the electrode. 

1 7. The catalytic body according to anyone of 
claims 1 to 16 wherein said substantially 
amorphous composition consists of at least nickel 

50 and a second transition metal. 

1 8. The catalytic body according to claims 16 
or 1 7 wherein the amorphous composition 
consists of at least one of vanadium, ruthenium, 
platinum, palladium, aluminum or boron. 

55 1 9. The catalytic body according to anyone of 
claims 1 to 18 wherein said substantially 
amorphous composition includes at least about 
thirty percent nickel. 

20. A process of making a catalytic bc*y to be 

60 used in a given reaction, said process comprising 
the steps of directing at least two components, 
one of which is a metal against a surface at • 
temperature and in a manner and amounts to 
produce a stable substantially arrorphous 

65 composition of said at least two components and 



having a local order non-equi!ibrium structural 
configuration resulting in at least one devred type 
of catal/tically active site interspersed throughout 
the body, which sites are catalytically active for 
70 said reaction. 

2 1 . The process according to claim 20 wher«?in 
said at least two components are directed as 
separate streams simultaneously upon said 
surface. 

75 22. The process according to claim 20 wherein 
said components are directed by vacuum 
deposition thereof upon said surface- wh : ch forms 
a substrate therefor. 

23. The process according to claim 20 wherein 
80 said components are directed by cc r>uttermg 

the same upon said surface which for ns a 
substrate therefor. 

24. The process according to claim 20 wherein 
said components are directed by spraying the 

85 same in melted form as separate st-eams upon 
said surface which is cooled rapidly 10 quenc h the 
same. 

25. The process according to claim 20 wherein 
there is included in said components directed 

90 against said surface a coinponc; w : :< 
distributed throughout said deposited 
substantially amorphous composition and is 
removable selectively therefrom, and then 
removing most of the latter distributed 

95 component to substantially increase the surface 
to volume ratio of the deposited composition ana 
the number of catalytically active sites 

26. The process according to claim 25 wherein 
said distributed component removed from said 

100 composition comprises at least about tea atsrr.ic 
percent of the original composition. 

27. The process according to claims 25 or 26 
wherein said component is removed by leaching. 

28. The process according to claims 25 26 or 
1 05 27 wherein an additional component is added to 

said composition following removal of said 
distributed component. 

29. The process according to anyone of claims 
25 to 28 wherein said deposited composition is 

1 10 subsequently heat t rented to relax and/or modify 
the local order non-equilibrium structural 
configuration thereof to improve the catalytic 
activity for said reaction. 

30. The process according to anyone of claims 
1 15 20 to 29 wherein at least one of said components 

is a transition metal. 

31. The process according to claim 30 wherein 
said transition metal is nickel and said at least one 
other component is another transition element. 

1 20 32. A catalytic body made according to anyone 
of the processes of claims 20 to 31. 

33. The catalytic body according to anyone of 
claims 1 to 1 9 wherein said composition has 
porous, high surface area to volume ratio 

125 produced by teaching or evaporating a distributed 
component in the original composition. 

34. A catalytic body including a substantially 
amorphous composition having at least two 
components, substantially as hereinbefore 

130 described. 
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OS A p'ocess for the production of a catalytic 
body inci-r'ii.q a substantially amorphous 
composition iiaving at least two components, 
substantially as hereinbefore described. 

36. An electrochemical cell comprising an 



electrode which is d catalytic body as claimed in 
any one of claims 1 to 1 9 

37. A process of electrolysis which comprises 
passing current through a cell as claimed in claim 
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